1 . 1. A device for detecting a specific mater/al that 

2 may be present in an ensemble of objects comprising' means to 

3 expose an area of the ensemble to x-ray energies^xo produce 

4 dual energy image information of the ensemble >^nd means to 

5 computer-process such dual energy information^ to detect said 

6 specific material on the basis of comparisons of selected 

7 subareas of said exposed area to other ^u^areas in the 

8 vicinity of said selected subareas . 

1 2. A device for detect ino/&/bomb that may be 

2 present in a container of objects' comprising means to expose 

3 an area of the container to x-r&z/ energies to produce dual 

4 energy image information of thfe/container and its contents 

5 and means to computer-process /such dual energy information 

6 to detect said bomb on the /nasis of comparisons of selected 

7 subareas of said exposed pea to other subareas in the 

8 vicinity of said selectefl/subareas . 
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3. A device ffrir detecting a specific material that 
may be present in anipsVisemble of objects comprising means to 



M 

expose an area of the ensemble to x-rays of at least two 
substantially different energy bands to produce dual energy 
image inf ormation^of the ensemble and means to computer- 
process such duafl energy information to detect said specific 
material on the/ basis of comparisons between attenuation 
image information from at least one of said energy bands and 
positionally^corresponding image information of parameter P 
values derived from correlations of said dual energy image 
information with values in a predetermined lookup table 
reflecting attenuation at high and low energy bands over a 
range ofa thicknesses of a selected specific material and a 
range >of thicknesses of a representative overlay material , 
with^attenuation of a constant thickness of said overlay 



16 material and varying thicknesses of said specific material 

17 represented by said parameter P. / / 

1 4. The device of claim 3 wherein the means/to / 

2 computer-process includes means for evaluating gradients of 

3 values in at least one of the images . / / 

1 5. The device of claim 4 wherein the/means to 

2 computer-process includes means for evaluati4icf gradients of 

3 values in both said attenuation image andysa^d image of P 

4 values. / / 

1 6. The device of claim 4 having means for selecting 

2 the regions of said attenuation imag^ information for said 

3 comparisons on the basis of the stefepness of gradients of 

4 attenuation values in said attenuation image. 

1 7. The device of clai>fo 4, 5 or 6 wherein said means 

2 for selecting employs an efi&e' finding operator. 

1 8. The device oj^claim 6 including means for 

2 generating gradient values H g for substantially all subareas 

3 and means for prunind/to remove subareas with H_ values 

/? 

4 below a selected threshold, and means for thereafter 

5 performing said^omparisons using the remaining H g values. 

1 9. A device for detecting and indicating the 

2 probable presence of a specific material in an ensemble of 

3 objects, comprising 

4 means for exposing said item to x-rays of at least 

5 two substantially different energy levels, 




* 
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6 . means for generating for each subarea ov&f the 

7 exposed area a set of data values representing/logarithms of 

8 x-ray attenuation at said subarea at each of/feaid energy 

9 levels, 

10 means for processing said data foif said subarea to 

11 compute the values of (H, L) for said subarea, wherein H is 

12 the logarithm of the attenuation of sa'id x-rays at said 

13 subarea at the higher energy level arid L is the logarithm of 

14 the attenuation of said x-rays at vsaid subarea at the lower 



rays ax. vs 



15 energy level, and 

16 means for applying an edge finding or gradient 

17 evaluating operator such as a/ Sobel operator to image data 

18 of at least one energy level, 

19 means for generating gradient values H s for 

20 substantially all subareas, 

21 means for pruning to remove subareas with gradient 

22 values H g below a selected gradient threshold, 

23 means for determining for remaining subareas with 

24 gradient values H^above said selected gradient threshold 

25 parameter P valuwa using a lookup table in computer storage 

26 reflecting x-ray Attenuation at high and low energy bands 

27 over a range of thicknesses of said selected specific 

28 material and /a range of thicknesses of a representative 

29 overlay material, with attenuation of a constant thickness 
3 0 of said overlay material and varying thicknesses of said 

31 specific material represented by said parameter P, 

32 nfeans for applying said gradient evaluating operator 

33 to P in^age data formed using said parameter P values for 

34 said remaining subareas, 

35 / means for g< 

36 remaaning subareas, 



35 / means for generating gradient values P s for said 
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37 • means for calculating a ratio H e /P_ for said / 

38 remaining subareas, X 

39 means for raising said ratio to a power at/least as 

40 large as unity to emphasize large values of said/ratio, and 

41 means for storing said ratio H_/P_ raised to said 

42 power for substantially all of said remaining subareas. 

1 10. The device of claim 9 further^omprising 

2 means for selecting an alarm th^shold on said ratio 

3 H s / p s raised to said power so that subareas having said 

4 ratio H s /P s raised to said power a^ove said alarm threshold 

5 are strongly indicative of presence of said specific 

6 material, / 

7 means for applying a dilation algorithm using said H 

8 values and said L values for/said image data, 

9 means for sounding^an alarm if a certain number of 

10 subarea values are above^said alarm threshold, 

11 means for applyfflm an erosion algorithm to eliminate 

12 spurious noise in said^5mage data, and 

13 means for displaying said image data with areas of 

14 particular interest/highlighted. 

/. 

1 11. A device for detecting and indicating the 

2 probable presence of a specific material in an ensemble of 

3 ob j ects , comprising 

4 means/ for exposing said item to x-rays of at least 

5 two substantially different energy levels, 

6 means for generating for each subarea over the 

7 exposed area a set of data values representing logarithms of 

8 x-ray attenuation at said subarea at each of said energy 

9 levels,/ 

10 / means for filtering said data for said subarea, 
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11 means for averaging said data for said subare/, 

12 means for processing said data for said subeirea to 

13 compute the values of (H,L) for said test subarea^ wherein H 

14 is the logarithm of the attenuation of said x-z*ays at said 

/ 

15 subarea at the higher energy level and L is the logarithm of 

/ 

16 the attenuation of said x-rays at said subaxea at the lower 

17 energy level , and / 

18 means for applying an edge finding or gradient 

19 evaluating operator such as a Sobel operator to image data 

20 of at least one energy level, 



21 means for generating gradient values H_ for 

22 substantially all subareas, 

23 means for pruning to remove subareas with gradient 

24 values H g below a selected gradient threshold, 

25 means for determiniji^ for remaining subareas with 

26 gradient values H s above ^ id selected gradient threshold 



27 parameter P values usingAAlookup table in computer storage 

28 reflecting x-ray attenuation at high and low energy bands 

29 over a range of thicknesses of said selected specific 

3 0 material and a range/of thicknesses of a representative 

31 overlay material, ^with attenuation of a constant thickness 

32 of said overlay material and varying thicknesses of said 

33 specific mater ia'l represented by said parameter P, 

34 means for applying said gradient evaluating operator 

35 to P image data formed using said parameter P values for 
3 6 said remaining subareas, 

37 means for generating gradient values P s for said 

38 remaining/ subareas, 

39 means for calculating a ratio H c /P c for said 

40 remaining subareas, 

/ . . 

41 / means for raising said ratio to a power at least as 

42 large as unity to emphasize large values of said ratio, 
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43 - means for storing said ratio H s /P s raised to sajH 

44 power for substantially all of said remaining subare* 

45 means for selecting an alarm threshold on safid ratio 

46 H s / p s ra i sed to said power so that subareas having said 

47 ratio H s /P s raised to said power above said alarm threshold 

48 are strongly indicative of presence of said specific 

49 material, 

50 means for applying a dilation algorithm using said H 

51 values and said L values for said image/aata, 

52 means for sounding an alarm if Va certain number of 

53 subarea values are above said alarm threshold, 

54 means for applying an erosion algorithm to eliminate 

55 spurious noise in said image data/ and 

56 means for displaying said^ image data with areas of 

1 12. A device for inspecting an ensemble of physical 

2 objects comprising meansJta© expose an area of said ensemble 

3 to x-rays of at least twOTsubstantially different energy 

4 bands, detection means responsive to said x-rays passing 

5 through said ensemble to generate for subareas over said 

6 area respective sets of values representing the attenuation 

/ 

7 of said x-rays at each of said energy bands, comparison 

8 means operative oiy4if f erences in attenuation between 

9 subareas in a neighborhood to determine the presence of a 

10 specific material in the neighborhood, and indicating means 

11 responsive to said comparisons for indicating presence of 

12 said specif icAiaterial in said ensemble. 

1 13. /The device of claim 12 wherein said comparison 

2 means includes a lookup table reflecting attenuation at high 

3 and lowy^nergy bands over a range of thicknesses of a 
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4 selected specific material and a range of thicknesses of a 

5 representative overlay material, with attenuatio'rf of a 

6 constant thickness of said overlay material ari^f varying 

7 thicknesses of said specific material represented by a 

8 parameter P. 




1 14. The device of claim 13 including means to 

/ 

2 reference actual attenuation measurements of subareas at an 

3 energy band with parameter P values^for said subareas, and 

4 using said determination in determining the presence of said 

5 specific material. 

1 15. The device of claim 12 wherein said comparison 

2 means include means to combine, according to a predetermined 

3 formula, values representing the attenuation of said x-rays 

4 for subareas in said neighborhood to provide an attenuation 

5 measure and means tCLCompare said measure to a reference 

6 related to said specLric material. 

■ / . 

1 16. The deyice of claim 12 wherein said values 

2 generated representing the attenuation of said x-rays at 

3 said energy bands are logarithms of x-ray attenuation at 

/ 

4 each of said energy bands at each subarea. 

1 17. The device of claim 12 wherein said comparison 

2 means comprises means for computing for a selected test 

3 subarea of /said area the values (H T , L^J wherein is the 

4 logarithm/ of the attenuation of said x-rays at said higher 

5 energy band at said test subarea and is the logarithm of 

6 the attenuation of said x-rays at said lower energy band at 

7 said t4st subarea, means for computing for a subarea nearby 

8 said /test subarea the values (H B ,L B ) wherein H fl is the 
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9 logarithm of the attenuation of said x-rays at said higher 

10 energy band at said nearby subarea and Lg ife the logarithm 

11 of the attenuation of said x-rays at said^ lower energy band 

12 at said nearby subarea, said comparison^means constructed to 

13 employ said values (H^,,!^) and (H B ,L B }/in determining the 

14 presence of said specific material. 




1 18. The device of claim /l 7 further comprising means 

2 for providing p-values P representing attenuation 

3 characteristics of various overlying materials, means for 

/ 

4 associating a p-value P T with said values (H^I^) wherein 

5 said p-value P_ is proportional to the thickness of 

/ 

6 overlying materials at said test subarea, means for 

7 associating a p-value P| with said values (H^Lg) wherein 

8 said p-value P is proportional to the thickness of 

/ 

9 overlying materials at said nearby subarea, means for 

10 computing the valufcZbf | (H T -H B ) / (P T -P B ) | = AH/AP and means 

11 for associating AH%A]P with a relative probability measure 

12 for the presence^bf \said specific material at respective 

13 subareas. 



1 19. The device of claim 18 wherein the relative 

2 probability measure is proportional to (AH/AP) q , wherein q 

3 is a value chosen to emphasize extrema of the value of 

4 AH/AP. 



The device of claim 19 wherein q=2 . 

1 /21. The device of claim 18 wherein said means for 

2 associating a p-value P with said values (H,L) involves 

3 identifying said values with respective points from a set of 

4 points previously generated by numerically varying 





5 thicknesses of said specific material and said overlyi 

6 materials. 
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1 22. The device of claim 17 wherein said comparison 

2 means comprises means for computing the value of 



3 (I^-Hg) / (I^-I^) = and means for comparing said value of 

4 with the value of wherein Kmat is an attenuation 

5 characteristic of said specific material. 

1 23. The device of claim 22 wherein/K MAT is a stored 

2 value developed by prior measurements. 

1 24. The device of claim 22 wherein 

2 k mat " ^h/^l wherein M H is the attenuation coefficient of 

3 said specific material exposed to sadd higher energy band 

4 x-rays and /x L is the attenuation coefficient of said 

5 specific material exposed to said /lower energy band x-rays. 

1 25. The device of claim/ 12 further comprising means 

2 for exposing selected numbers yof samples of various known 

3 materials each of a range of different thicknesses to said 

/ 

4 x-rays of said different energy bands to measure the 

. / 

5 attenuation characteristic yof the exposed samples to provide 

6 a reference for said comparison means. 



1 26. The device of claim 25 including calculation 

2 means for interpolating between said measured values to 

3 estimate intermediate yvalues for use in making said 

4 comparison. 

1 27. The device as in any of claims 3-26 further 

2 comprising means for assigning to subareas over said exposed 
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3 area of the object relative probabilities for the presence 

7 

4 of said specific material based upon said comparisons, said 

5 indicating means being responsive to said relative/ 

6 probability assignments for indicating presence ^of said 

7 specific material in said object. 




1 28, A baggage inspection device for detecting and 

2 indicating the probable presence of a specific material in 

3 an item of baggage comprising means to^expose an area of 

4 said item to x-rays of at least two ^ubstantially different 

5 energy bands, detection means responsive to said x-rays 

6 passing through said item to generate for subareas over said 

7 area respective sets of values representing the attenuation 

8 of said x-rays at each of said/energy bands, comparison 

9 means operative on difference's in attenuation between 

10 subareas in a neighborho&dyto determine the presence of a 

11 specific material in the neighborhood of said subareas, and 

12 indicating means responsive to said comparisons for 

13 indicating presence of/said specific material in said item, 

14 said comparison means comprising means for computing for a 

/ 

15 selected test subarea of said area the values (H^L^J 

16 wherein H T is the ^/logarithm of the attenuation of said 

17 x-rays at said higher energy band at said test subarea and 

/ 

18 Lj, is the logarithm of the attenuation of said x-rays at 

19 said lower energy band at said test subarea, means for 

20 computing tyc a subarea nearby said test subarea the values 

21 (H Q , Lg) wherein H Q is the logarithm of the attenuation of 

22 said x-rays at said higher energy band at said nearby 



23 subarea and Lg is the logarithm of the attenuation of said 

24 x-rays ,at said lower energy band at said nearby subarea, 

25 said ^omparison means constructed to employ said values 



(H^L^) and (H^I^) in determining the presenc'e of said 
specific material. 

/ 

/Y 

29. The device of claim 28 wherein said comparison 
means comprises / 

means for providing p-values p representing 
attenuation characteristics of various overlying materials, 
means for associating a p -value P T with said values 
(H^I^) wherein said p-value P T is proportional to the 
thickness of overlying materials at said test subarea, means 
for associating a p-value P Q /with said values (H^Lg) 
wherein said p-value P B is /proportional to the thickness of 
overlying materials at said nearby subarea, means for 
computing the value of | (H T -H B ) / (P T ~P B ) | = AH/AP and means 
for associating AHVyW with a relative probability measure 
for the presence of^said specific material at respective 
subareas . 7 



30. The device of claim 13, 14, 18 or 29, including 
means/for examining said subareas, 



means responsive thereto for producing values for 
each subarea indicative of the relative probability of 
matching ysaid specific material, 

/means for displaying subareas over said area, and 
means for highlighting those subareas having a 
probability greater than or equal to a selected threshold 
value of matching said specific material. 



31. The device of claim 28 wherein said comparison 
means comprises means for computing the value of 
(H^,-^) / (I^-I^) = and means for comparing said value of 



4 with the value of K MAT wherein K MAT is an attenuation 

5 characteristic of said specific material. f 

/ 

1 32. The device of claim 17 or 28, wherein K MAT = 

2 ^(H^L^H^Lg) /^(H^L^Hg,!^) wherein m h i^/an attenuation 

3 coefficient of said specific material exposed to said higher 

4 energy x-rays, comprising a function of/the logarithms of 

5 the attenuation of said x-rays at said test subarea and at 

6 said nearby subarea, wherein m l is am attenuation 

7 coefficient of said specific material exposed to said lower 

8 energy x-rays, comprising a function of said logarithms of 

9 the attentuation of said x-rays at said test subarea and at 
10 said nearby subarea. / 

1 33 • The device of/claim 3 2 including 

2 means for ascertaining whether said value of is 

3 within a selected wiiroow of values of K^^, 

4 means for incrementing a respective counter if said 

5 value of K TB is within said window, 

6 means for/examining said subarea counters and 

7 producing values for each subarea indicative of the relative 

8 probability of /matching said specific material, 

9 means/for displaying subareas over said area, and 

10 means for highlighting those subareas having a 

11 probability greater than or equal to a selected threshold 

12 value of matching said specific material. 

1 j34. The device of claim 1, 2, 3 or 12 wherein said 

2 means zo expose said area further comprises an x-ray source, 

3 means/for generating from said source x-rays of at least two 

4 substantially different energy bands, means for collimating 
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5 a fan beam of said x-rays, and means for conveying said 

6 object to intercept said fan beam of said x-r^vs. 

/ 

1 35. The device of claim 12 , whereim said indicating 

2 means is a visual display of an x-ray in^age, and said 

3 indication being of the form of distinguished subareas at 

4 which the specific material is probably present. 

/ 

1 36. The device of claim I, 2 , 3, 12 or 28, wherein 

2 said specific material is a^threatening substance. 

1 37. The device of claim 36, wherein said threatening 

2 substance is an explosive/ 

/ 

/ 

1 38. The device/of claim 1, 2, 3, 12 or 28, wherein 

2 said specific material is an illicit drug substance. 

1 39. The device of claim 1, 3 or 12, wherein said 

2 ensemble comprises components of a stream of matter. 

/ 

1 40. The device of claim 39, wherein said stream is 

2 comprised of/rocks and other materials, and said specific 

3 material is^a mineral of value. 

/ . 

1 4a. The device of claim 39, wherein said stream is 

2 shredded plastic refuse, and said specific material is a 

3 particular form of plastic. 

7 

1 / 42. The device of claim 41, wherein said particular 

2 form of plastic comprises halogenated hydrocarbon plastic to 

3 be/ separated from other plastic refuse. 



43. The device of claim 1, 3 or 12, wherein said 
ensemble comprises foodstuffs. 




44. The device of claim 43, wherein said foodstuffs 
are meat, and wherein said specific material is^bone. 



45. The device of claim 43, wherein said specific 
material is inorganic. 

46. The device of claim 1 or/2 further comprising 
means for locating edges in the exposed area where one 
material overlaps another, means/for choosing subareas in 
close proximity to said edges ^to be said selected subareas, 
and means for assigning to said selected subareas a relative 
probability for the presence of said specific materials at 
said subareas based upon^said comparisons with other 
subareas in the vic:uu:ty, and indicating means responsive to 
said relative probaldO^ity assignment. 

47. The device of claim 12 further comprising means 
for locating edges in the exposed area where one material 
overlaps another/, means for choosing subareas in close 
proximity to said edges to be said selected subareas, and 
means for assigning to said selected subareas a relative 
probability /for the presence of said specific materials at 
said subareas based upon comparisons with other subareas in 
the neighborhood, said indicating means being responsive to 
said relative probability assignment. 

48. The device of claim 1, 2, 12, 46 or 47 further 
comprising means for dilating indications of subareas over 
regions whose edges have been determined to indicate the 

ssence of said specific material, wherein said dilation 
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5 makes .said regions more prominently noticeable /to an 

6 operator of said device, and wherein said dilution enhances 

7 indication of presence of said specific material. 

1 49. A method of detecting a specific material that 

2 may be present in an ensemble of objects/ comprising exposing 

3 an area of the ensemble to x-ray energies to produce dual 

4 energy image information of the exposed ensemble and 

5 computer-processing such dual energy/inf ormation to detect 

6 said specific material on the basis/ of comparisons of 

7 selected subareas of said exposed^area to other subareas in 

8 the vicinity of said selected subareas. 

/ 

1 50. A method of detecting a bomb that may be 

2 present in a container of objects comprising exposing an 

3 area of the container to x-ray energies to produce dual 

4 energy image information of/ the exposed container and 

5 computer-processing such dual energy information to detect 

6 said bomb on the basis jofJ comparisons of selected subareas 

7 of said exposed area tdpother subareas in the vicinity of 

8 said selected subareas J( 

/ 

1 51. A method of baggage inspection for detecting and 

2 indicating the probable presence of a specific material in 

3 an item of baggage, y4omprising the steps of 

4 exposing said item to x-rays of at least two 

5 substantially different energy levels, 

6 generating for each subarea over the exposed area a 

7 set of data values representing logarithms of x-ray 

8 attenuation at s4id subarea at each of said energy levels, 

9 choosing a test subarea, 

10 filtering said data for said test subarea, 

11 averaging said data for said test subarea, 

/ 

/' 

. / 
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12 processing said data for said test subarea to 

13 compute the values of (H^I^) for said test subarea, wherein 

14 H T is the logarithm of the attenuation of said x-rays at 

15 said test subarea at the higher energy level and L_ is the 

16 logarithm of the attenuation of said x-rays /at said test 

17 subarea at the lower energy level, and 

18 choosing a background subarea, ,/ 

19 filtering said data for said background subarea, 

20 averaging said data for said background subarea, 

21 processing said data for said background subarea to 

22 compute the values of (H B ,L B ) for said background subarea, 

23 wherein H Q is the logarithm of th^ attenuation of said 

24 x-rays at said background subarea at the higher energy level 

25 and 1^ is the logarithm of the^ attenuation of said x-rays at 

26 said background subarea at the lower energy level, and 

27 computing the value/of = (H T -H B ) / (L^-L^) , and 

28 comparing said value of to the value of K^, 

29 wherein = m h (V 1*^1*) /M L (H T , 1^, H B , I^) wherein m h , an 
3 0 attenuation coef f icient/\pf a specific material exposed to 

31 said higher energy x-rays, is a function of the logarithms 

32 of the attenuation of said x-rays at said test subarea and 

33 at said background ^subarea, wherein /z L , an attenuation 

34 coefficient of sai4 specific material exposed to said lower 

35 energy x-rays, is a function of the logarithms of the 

36 attenuation of said x-rays at said test subarea and at said 

37 background subarea, and 
ascertaining whether said value of 1^ is within a 

selected window of values of K MAT , incrementing a respective 
counter if said value of is within said window, 

41 choosing another background subarea, and 

42 iterating the steps from filtering said data for 

43 said background subarea to choosing another background 



/ 
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44 subarea until a substantial number of background subareas 

45 have been so examined , and / 
4 6 choosing another test subarea, and / 

47 iterating the steps from filtering saia data for 

48 said test subarea to choosing another test subarea until 

49 substantially all subareas have been so tested, and 

50 examining said subarea counters, / 

51 producing values for each subarea indicative of the 

52 relative probability of matching said .specific material, and 

53 displaying subareas over said/area, and 

54 highlighting those subareas yhaving a probability 

55 greater than or equal to a selected threshold value of 

56 matching said specific material, / 

1 52. A method of baggage inspection for detecting 

2 and indicating the probable presence of a specific material 

3 in an item of baggage, comprising the steps of 

4 exposing said iterf\b6 x-rays of at least two 

5 substantially different e^prgy levels, 

6 generating for ea^n subarea over the exposed area a 

7 set of data values representing logarithms of x-ray 

8 attenuation at said subarea at each of said energy levels, 

9 choosing a test subarea, 

10 filtering sai'd data for said test subarea, 

11 averaging sa^d data for said test subarea, 

12 processing ^said data for said test subarea to 

13 compute the values of (H^L^J for said test subarea, wherein 

14 HLp is the logarithm of the attenuation of said x-rays at 

15 said test subarea at the higher energy level and 1^, is the 

16 logarithm of the attenuation of said x-rays at said test 

17 subarea at the /lower energy level, and 

18 choosing a background subarea, 

/ 
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19 filtering said data for said background subarea, 

20 averaging said data for said background subarea, 

21 processing said data for said background subarea to 

22 compute the values of (H^I^) for said background >4ubarea, 

23 wherein H- is the logarithm of the attenuation of said x- 

7 

24 rays at said background subarea at the higher energy level 

25 and 1^ is the logarithm of the attenuation of/said x-rays at 

2 6 said background subarea at the lower energy /level, and 

27 providing p-values P representing attenuation 

28 characteristics of various overlying materials, 

29 associating a p-value P T with said values (H^I^) 

3 0 wherein said p-value P T is proportional to the thickness of 

31 overlying materials at said test subarea, 

32 associating a p-value P B wit/ said values (H^I^) 

33 wherein said p-value P B is proportional to the thickness of 

/ 

34 overlying materials at said nearby subarea, 

35 computing the value of |/(H T -H B ) / (P T -P B ) | = AH/AP, 

36 associating AH/AP wit^/a relative probability 

37 measure for the presence of feTid specific material at 

38 respective subareas, f\ 

39 storing said probability measure, 

40 choosing another background subarea, and 

41 iterating the steps from filtering said data for 

42 said background subarea /to choosing another background 

43 subarea until a substantial number of background subareas 

44 have been so examined,/ and 

45 choosing another test subarea, and 

/ 

46 iterating the steps from filtering said data for 

47 said test subarea to choosing another test subarea until 

48 substantially all subareas have been so tested, and 

/ 

49 examining /said subarea probability measure stores, 



50 producing values for each subarea indicative of the 

51 relative probability of matching said specif/^c material, and 

52 displaying subareas over said area/ and 

53 highlighting those subareas having a probability 

54 greater than or equal to a selected threshold value of 

55 matching said specific material. / 

1 53. A method of detecting a/specific material that 

2 may be present in an ensemble of objects comprising the 

3 steps of / 

4 exposing an area of the ensemble to x-rays of at 

5 least two substantially different energy bands to produce 

6 dual energy image information of the ensemble, and 

7 computer-processing such dual energy information to 

8 detect said specific material on the basis of comparisons 

9 between attenuation image information from at least one of 

10 said energy bands and positionally corresponding image 

11 information of parameter IVva lues derived from correlations 

12 of said dual energy image* information with values in a 

13 predetermined lookup table reflecting attenuation at high 

/ 

14 and low energy bands oj'er a range of thicknesses of a 

15 selected specific material and a range of thicknesses of a 

16 representative overlay material, with attenuation of a 

17 constant thickness of said overlay material and varying 

18 thicknesses of said/specif ic material represented by said 

/ 

19 parameter P. / 

1 54. A method of detecting and indicating the 

I 

2 probable presence of a specific material in an ensemble of 

/ 

3 objects, comprising the steps of 

. / 

4 exposing said item to x-rays of at least two 

5 substantially different energy levels, 



/ * 

6 generating for each subarea over the exposedVarea a : 

7 set of data values representing logarithms of x-ray 

8 attenuation at said subarea at each of said energy levels, 

9 filtering said data for said subarea, / 

10 averaging said data for said subarea J 

11 processing said data for said subarea to compute the 

12 values of (H, L) for said test subarea, wherein H is the 

13 logarithm of the attenuation of said x-rays at said subarea 

14 at the higher energy level and L is th^ logarithm of the 

15 attenuation of said x-rays at said subarea at the lower 

16 energy level, and / 

17 applying an edge findingyor gradient evaluating 

18 operator such as a Sobel operator to image data of at least 

19 one energy level, / 

20 generating gradient values H g for substantially all 

21 subareas, / 

22 pruning to remove ^subareas with gradient values H g 

23 below a selected gradient threshold, 

24 determining forf^pmaining subareas with gradient 

25 values H s above said^s^lected gradient threshold parameter P 

26 values using a lookup table in computer storage reflecting 

27 x-ray attenuation at high and low energy bands over a range 

28 of thicknesses of/said selected specific material and a 

29 range of thicknesses of a representative overlay material, 

30 with attenuation of a constant thickness of said overlay 

31 material and varying thicknesses of said specific material 

32 represented by said parameter P, 

/ 

33 applying said gradient evaluating operator to P 

34 image data/formed using said parameter P values for said 
3 5 remaining/ subareas , 

36 generating gradient values P s for said remaining 

37 subareas, 

/ 
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38 calculating a ratio H s /P s for said rema/ning 

39 subareas, 

40 raising said ratio to a power at lea&t as large as 

41 unity to emphasize large values of said raxio, 

42 storing said ratio H s /P s raised to said power for 

43 substantially all of said remaining subareas, 

44 selecting an alarm threshold on said ratio H s /P g 

45 raised to said power so that subareas having said ratio 

46 H s / p s ra i sed to said power above ^ a ^ d ala rm threshold are 

47 strongly indicative of presence of said specific material, 

48 applying a dilation algorithm using said H values 

49 and said L values for said image data, 

50 sounding an alarm if Ja certain number of subarea 

51 values are above said a larn/ threshold, 

/ 

52 applying an erosion algorithm to eliminate spurious 

53 noise in said image data/ and 

54 displaying said^amage data with areas of particular 

55 interest highlighted. 




1 55, The method 7 as in any of claims 49-54 further 

2 comprising employing computed tomographic information to 

3 detect said specific material that may be present in 

4 subareas indicated by said computer-processed dual energy 

5 information as lping probable subareas for the presence of 

6 said specific materials. 

j 

1 56. EJor use in detecting a specific material that 

2 may be present in an area being exposed to x-ray energies, a 

3 lookup table in computer storage reflecting x-ray 

4 attenuation at high and low energy bands over a range of 

5 thicknesses of said selected specific material and a range 

6 of thicknesses of a representative overlay material, with 



